This study reports on the relationship between minute ventilation (VE) and environmental variables of temperature (T) and pressure (P) found it crucial to use the same subject and the same equipment,'2 and to ensure that the apparent control of VE by the environmental variables P and T should be manifested over a wide range of conditions. The 'environmental conditions' simulated in most laboratory studies may be of limited relevance to sport diving. Experiments focusing on the effects of pressure have usually been performed within a compression chamber, with the subject either lying down3 or sitting on a chair or bicycle ergometer.47 Likewise, the effects of water temperature on respiratory variables have been investigated in relatively small tanks in which the subject was immersed up to the shoulders."'0 Changes in VE induced by breathing cold gas have also been reported"13 but there is some uncertainty as to their relevance to open water situations, since sport divers in the field also exchange heat through their wet suits.9"4 Reports on the combined effects of pressure and temperature are fewer12 and are usually concerned with exposure to pressures much higher than those permitted by air diving techniques; consequently, the pressure range to which most scuba diving is limited (1-6 ATA) tends to be undersampled in such studies.
Personal air endurance is not a factor usually taken into account explicitly by sport and scientific divers in dive planning. Yet the ability of divers to take full advantage of their air supply by planning a safe and appropriate dive profile (depth as a function of time) for the proposed task, as well as to adhere to it, depends in great measure on respiratory variables. Accordingly, the general aim of this study was to answer the following questions.
(1) For a given subject, can we make a reasonably accurate prediction of the minute ventilation averaged during a dive, VE' based on anticipated mean water temperature (T) and pressure (P)? (2) If so, how does exercise affect the form of the relationship giving VE as a function of the explanatory variables P and T? With these objectives in mind, I found it crucial to use the same subject and the same equipment,'2 and to ensure that the apparent control of VE by the environmental variables P and T should be manifested over a wide range of conditions. The 'environmental conditions' simulated in most laboratory studies may be of limited relevance to sport diving. Experiments focusing on the effects of pressure have usually been performed within a compression chamber, with the subject either lying down3 or sitting on a chair or bicycle ergometer. 47 Likewise, the effects of water temperature on respiratory variables have been investigated in relatively small tanks in which the subject was immersed up to the shoulders."'0 Changes in VE induced by breathing cold gas have also been reported"13 but there is some uncertainty as to their relevance to open water situations, since sport divers in the field also exchange heat through their wet suits.9"4 Reports on the combined effects of pressure and temperature are fewer12 and are usually concerned with exposure to pressures much higher than those permitted by air diving techniques; consequently, the pressure range to which most scuba diving is limited (1-6 ATA) tends to be undersampled in such studies.
The results of a field based approach to the subject of ventilatory response to P and T are presented. An empirical analytic expression was fitted to the data, whereby P and T were regarded as independent explanatory variables.
Methods
The subject (the author) was a 30 year old sport diver with 10 years of diving experience (150 h using scuba) and extensive cold water experience. His height, weight, and vital capacity were 1.75 m, 61 kg, and 5.3 litres, respectively. The diver wore a one piece 6.5 mm thick wetsuit and a 7 kg weight belt. Neutral buoyancy was provided by a horse collar type buoyancy compensator (Spirotechnique Atlantis), with a direct feed from a low pressure port of the regulator removing the need for oral inflation. The air was supplied from an aluminium tank (Dacor, 10.3 litre internal volume) via a two stage Spirotechnique PRO-RS regulator. A Suunto Solution dive computer was used to monitor depth; it was also interrogated after each dive to provide the full dive profile data from which mean depth and temperature were determined. The same neoprene wetsuit was used in all seasons, the only difference being that mittens were worn below 11 'C to prevent potentially hazardous finger numbness; above 11 'C, gloves were sufficient to maintain a good degree of dexterity. The equipment used during the 'moderate work' dives also Table 1 corresponds to the minimum level of exertion required to explore the seabed while maintaining depth and posture control. Listed under this heading are exploratory dives, during which the diver simply 'bumped along the bottom' in a 'head down' position and made relatively little headway. The term 'moderate work' (Table 1) designates a group of dives whereby the diver was swimming with fins at a speed of approximately 1.9 km h-1 (1.0 knot), while holding out the navigation console in front of him. There was a natural tendency for the diver to adopt a 'head down' position, resulting in a 30 cm hydrostatic pressure difference between the mouthpiece and the pressure centroid in the chest,"516 in the 'moderate work' as well as in the 'light work' dives.
Dive duration was defined as the time elapsed from first reaching the bottom (or the 12 m horizon for deeper dives) to terminating the dive at the ascent check depth. Mean pressure (P) and temperature (T) were obtained by averaging the readings taken by the computer every 3 min throughout the dive and scrolled out after the dive. VEwas determined from a knowledge of dive duration, ambient temperature, drop in tank pressure, and internal volume of the tank. As a first step, the mean rate of air consumption (litres min') was calculated at 1 ATA and ambient T. This value was then divided by P and multiplied by (273 + Tex)/(273 + T) to obtain an interpretable measure of VE, that is, corrected to body temperature and ambient pressure.'7 The value of Tex used in this procedure was calculated from the formula4: Tex = 24+0.32T, where Tex is the expired air temperature and T represents the ambient-and hence the inspired-air temperature.
Statistical analyses
In a field experiment of this kind, artefacts could be introduced if the explanatory variables P and T turned out to be correlated as a result of the experimental design. For example, such a correlation could stem from the impossibility of obtaining simultaneously high values of P and T, since deeper waters (P > 3 ATA) remained below 15 0C all year round. Each data set was tested for independence between P and T by comparing the observed, oi, and expected, ej, frequency of samples in each of the following categories: P < 2 and T < 10; P < 2 and T > 10; and P > 2 and T < 10; P > 2 and T > 10. For both data sets, the statistic X2 = Y (o, -ei)2/ei was less than the critical value of the X2 distribution X20.05 with (2-1) (2 -1) = 1 degree of freedom, so that the hypothesis of independence between P and T was accepted at the 0.05 level of significance.
The multifactor analysis of variance procedure' was used to analyse the effects of P. T, and dive duration on the measured response VE. In this procedure, three levels Note in the light work data set that both the main P effect and the P-T interaction effect are significant at the 5 % level, whereas neither effect is significant in the moderate work data set were defined for each factor, as follows. Factor 1:
P < 1.5; 1.5 < P < 2.5; P > 2.5. Factor 2: T < 7.5; 7.5 < T < 17; T > 17. Table 1 indicates that this is generally correct. The effect of decreasing temperature is then expressed by adding a second order term to the constant term A. In order to provide for the small negative correlation between VE and P and for the interaction P-T (Tables I and 2 ), the temperature correction factor is multiplied by pn, where the exponent n is significantly less than unity. To a first approximation, the parameters n and B give an indication of the sensitivity of VE to P and T respectively. This empirical model was fitted to both sets of dives by non-linear least squares regression, to produce the values of the parameters shown in Table 3 . As would be expected from the physical significance of the parameters, A is greater at moderate than at light work rate. The sensitivity of VE to pressure-which manifests itself at lower temperatures through the exponent n-is only statistically significant at light work rates, which is consistent with the two factor analysis of variance presented earlier ( closely similar in both sets of dives. The modelled dependence of VE on T (at constant P) and P (at constant T) is illustrated for both sets of data in the top and centre graphs of Figure 1 , respectively.
The finding that VE and P are negatively correlated at light workload and low temperature is particularly interesting, as it rules out the possibility of one obvious experimental artefact: the expectation would be that wetsuit compression resulting from increasing pressure would lead to a loss of thermal insulation and thus exacerbate the effect of temperature; however, the reverse response is observed, suggesting a direct effect of P onVE, which more than counteracts the anticipated suit compression effect. Figure 1 present study, it is clear that the diver also exchanged heat through his wetsuit,74 so that the observed response at low temperature was probably also the result of a thermogenic increase in metabolism related to hypothermia.'0 Although the separation between respiratory heat loss and heat transfer from skin to water is indeterminate in my study, there is no doubt that the latter mechanism must have contributed to the VE response.9
The ambient water temperature was the only temperature related factor that could be measured given the realistic nature of the dives. Nevertheless, VE may be more directly related to skin (T) and core (Ta) tem The author is not aware of any wet-stimulation or field studies on the combined effect of P and T on VE. The results presented here provide evidence of a reduced response to cold when pressure is raised from 1 to 4 ATA, if only at minimal work rate (Figure 1) , and hence of an interaction between the explanatory variables P and T. The reduced response is unlikely to be caused by increased air density,6 given that it is not observed under conditions of moderate work rate, that is, of generally higher 'VE values. The absence of any detectable interaction during exercise allows us to advance the hypothesis that at low levels of physical activity, P-or some covarying variable tends to counteract the metabolic stimulus of cold. In seeking a definite explanation-which the author cannot, at present offer-it may be worth noting that VE is more sensitive to the relative than to the absolute change in pressure ( Figure 1) .
As the present study illustrates, our ability to study 
